TECHNICLL MEMORANDUMS

AN o. 284

DURALUMIN, ITS PROPERTIES AND USES.
: BY R. Beck.

From "Zeitschrift filr Metallkunde,® April, 1824.

e A ek e et g e e e,

October, 1924.

A



\lllIHHiWII\\ll)UIIWIHWlJ\II\\NI\HIWWIIM\UI

n 3 1176 01

NATIONAL ADVISCRY COMMLT:LU FOR AERONAUTICS.

TECHNTCAL MEMORALDUM NO. 284.

DURALUMTE, ITS PROPERTIES AND USES. *

3y R. Beck.

“ " Historical gketch.

It is worth while for us, as Germens, tc establish the fact

=3

that duralumin is a german discovery and thercfore a present of

German scientific research to the metal industrics of all civilized .

R

countries. The contrary ovinion is occasionmally met in the news-
papvers and periodicals of other countries. guch ctatements are not
necessarily malicious, but chould, nevertheless, not remain vnchal-
lenged. For example, the English periodical "The Engineer,® of_'
December 7, 1933, contained the following footnote to the translation
of a Germen article on duralumin:
"puralumin in the german original from which this article has
-~ been prepared, but, as this word represents a proprietary article in
this country and as the German alloy corresponding to it is said to
pe definitely different from the British-made material, we prefer to

unge the expression aluminium aglloy."

Thus it appears that the editor prefers to employ the term

iy R ar i e

~nduralumin® only for the alloy of Englich origin and to designate the

i

rerman alloy as "aluminium alloy." I here wish 40 correct the error

of the editor of "The zTngineer" by stating that the word “duralumin®

* From "Zeitschrift fur Metallkunde,® April, 1924, pp. 122-137.
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is also of German origin. Tt was patented by the DLren Metal Works

ir. the German Empire, uader the patent nmumber D.8130, glass Yz, on

October 8, 1908, and consequently before ihe sals of the right of

wanufacture to any foreign country.

The claim that the Englisgh duralumin differs in its composition
from the Cerman duralumin, is inconclusive. The English manufac-
turers of duralumin still employ the forrulas they obtained frecm the
inventor, Alfred wilm of Berlin, as I have proven by meny analyées.

The proceés of manufacture has béen patenfed in nearly all civ-
ilized countries. vickers Sons and Maxim, I,td., London, obtained the
patent rights for England from the inventor in 1910, and began 1o
manufacture duralumin in Birmingham in 1911. Thig firm ceded the
French rights %o the “sociéfé du puralumin" (Duralumin Company) in
Dives. The American patent was confiscated during the world War
and the rights of manufacture were given to the Aluminum Company of
Americe, The International Aluminum Company in Detroii and the
Baush Machine and Tool Company in springfield, Massachusetts.

patents were taken out in Denmark, Sweden, Norway, Switzerland,

. golland, Belgium and Austria-Hungary. The war prevented the taking

out of patents in Russia and Japan. Japan is said to have been
making.duralumin for some time in Osaka; and Rusgia in MoscowW.
Foreign manufacturers, without exception, call their products “dur-
alumin. There is already & considerable literature on duralumin,
both in Germany and in other countries.

The process of mamifacture was no chance discovery, but the

result of many years of research in a well~-equipped laboratory
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{sentralstelle fllr wissenschaftlich-technische Untersuchangen) for
scientific research in Weubabelsberg near Berlin, in which the in-
ventor, Alfred Wilm, wag the suverintendent of the metallurgical
seétion- | |

In 1903 the tagk vas given to thig institute by one of its
founders, the Cerman Wer Munifion Factories of Berlin and ksrlsruhe,
to find an aluminum alloy suitable for making éartridge éases for
hand firearms. The discovery of duralumin was announced in 1809
and was patented in 1912 under the mumber DRP244554. To what ex-
tent duralumin satisfied the requirements will be explained later.

on the retirement of pProfesgsor Stribeck from the directorship
of the ingtitute in 1909, the metallurgical section was discontin-
ued. Engineer Alfred Wilm took over all existing patent rights
and the plren Metal Works obtained, as the successgor of the Gerwan
War Munition Factories, the manufacturing righte, under the patent
DRP344554, for Germany, Scandinavia, Holland, Belgium and Switzer—
land.

The patent, D.R.P.244554, reads: "A vrocess for making alumi-~
num alloys containing magnesium, characterized by the fact that
the alloys, after the last heating in the course of manufacture,
are exposed to temperatures above 420°¢ (788°F) and then left for
some time to automatic improvement.! In the description it is
stated that the alloys, after being heated, should be allowed %o
cool slowly.

It then says:
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1. That the aluminum alloys, %o which the prdcess is applica-
- ble, must contain magnesium; |

3. That the alloys must undergo a special thermal treatmeﬁt at
above 420°¢ (788°F);

3. That this final heating must folloﬁ the last thermal treat-
ment required for shaping;

4. That the final heating must follow immediately after cooling
(either in the air or by plunging in water);

5. That the material, after being thus treated, must be allowed
to rest for some time;

6. That moderate shaping is allowable before seasoning, but
more violent shaping is inadmissible, becaﬁse it impairs the
product; |

7. That the tempered material must be only moderately heated.

In the description, attention is also called to the favorable
effect of small additions of heavy metals, like copper, nickel,
titanium and manganese on the strength of the alloys.

The process is applicable to alloys consisting only of alumi-
.num and magnesium. Such alloys are made in the puren Metal Works
and it is by the comparison of their properties with the properties
of pure éluminum that the effect of the small addition of magnes-
ium is most”éasiiy percéived, because, in this case, the effect of
no other components, like copper and mangahese, has to be taken

into account. It would, however, take us beyond the limits of the
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present article to discusgs all these alloys and I will therefore

cenfine myself to the most important duralumin alloys for industrial

vurposes, which contain copper and manganese, in addition to alumi-

num and magnesium.

properties.

The metal worker would prefer +to employ as few alloys as pos-
sible, but the problem of finding a universal alloy, combining all
the desired properties, must remain unsolved. In order to meet the
various requirements, he must make several duralumin alloys, differ-
ing but slightly in their conteat of copper and manganese and all
having the same content of 0.5 of magnesium. The copper content
varies between 3.5 and 4.5% and the manganese content between 0.25
and 1%. Both copper and manganese add strength, But manganese in-
creases the hardness and decreases the capacity for bending and
shaping, so that the amount of manganese which can be advantageously
added to duralumin alloys is necessarily small.' This is unforbtunate,

since manganese is the component which gives duralumin its relatively

- high resistivity to the action of the weather and of sea water.

These alloys, when dast in sand, exhibit no better properties
than the older, zinc-containing, aluminum alloys commonly used for
castings. They can not be tempered and, for this reason, duralumin
is not prepared..in -the form of castings.

Even ohill—mold castings, which have a finer texiture than sand
castings, are scarcely affected by heating and cooling. Only in

very thin sheets, which have no practical use, does tempering pro-
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duce any noticeable effect. If tempering is desired, the metal must
vz given, while hot, a thorough preliminary forging, rolling, or

4

pregsing. The more thoroughly this is done, the greater will be
the gain in strength from the final heating and cooling.'

Many forgings, swaged pieces and hot-precssed sections require
no supplementary cold treatment. On the other hand, sheets and
strips, which often need to be thin, and tubing and wires must be
rolled or ‘drawvn cold, after being worked hots. These products cén
therefore be previously tempered, if they have the proper'thickr
ness. Since an increase in strength and hardness is possible at
the cost of ductility, the metal sheets,; strips, wires and tubes
are subjected to moderate compression or tension after tempering,
if a greater strength and hardness is desired than can be obtained
by tempering alone.

In referring to the patent descriﬁtion, I stated that the ma-
terial could either be cooled rapidly, by plunging it into a liquig,

or allowed to cool slowly in the air. The first method yields a

“stronger metal and should be employed, unless the metal is very

thin, so that it cools quickly in the air and would be greatly dis-
torted by plunging into a liquid. It should be remembered that the
breaking strength of the air-cooled metal is-from 3 to 4 kg (6.6
tp 8.8 }b.) 1ess_pe:.sqgar§ millimete: than that of the liquid-
cooled metal.

Heating for the purpose of tempering is best accomplished in

a salt bath. It may, however, be done in a muffle furnace, bBut the



ES

N.A.C.A. Technical Memorandum No. 284 _ 7

salt bath affords the best guaranty of uniform heating: The length
of the heating depends on the thickness of the objsct to be tem-
pered. Thin sheets require aboui 15 minutes and thick-walled ob-
Jects about twice as long. The best temperature is about 500°¢
(932°F). The psatent mentions a tempering heat of 42006 (788°F). I
will explain later why this lower temperature wag given.

The strength, hardness and Guctility are the same, whether the
temperiné is done on hard—rolledbor annealed objects. A tempered
object can be annealed andﬁretempered'indefinitely- The tempered
metal always exhibits the same_charaoteristics; provided the de-
grees of heating and cooling were the same.

The three above—méntioned alloys, sold under the designations
6818 1/3 , 681B and %, have, in the rolled and annealed condition,
breaking strengths of 23-24 kg/mm® (31292-34136 1b./sq.in.), with
13-15% elongation and a hardness of 60 tc 85 by the Brinnell ball-
test. These are noteworthy characteristics in comparison with pure
aluminum which, in the annealed condition, has a breaking strength
of only 10-11 kg/mm2 (14234~15646 1b./sq.in.), wit£ 359, elongation
end a hardnessgs of about 28 by the Brinnell test.

gold-rolled pure alumimum has a strength of about 16.5 kg/mm?
(23469 1b./sq.in.) at its limit of elasticity, 30.5 kg/mm® (29158
1b./sq.in.) breaking strength, 5-84, elongetion and a hardness of 55.

The three above-mentioned alloys, after tempering and seasoning,

‘have the strength characterisuics exhibited in the following table:
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Strength Characteristics of Duralumin made According to

. the German patent No. 344554.

Delivery Elastic Breaking Elongation
3 limit + 2304 | . strength¥ 1=11.3 /F
concition remaining
elongation
Alloy kg/mm? kg/mm? per cent
1b./sq.in 1v./sq-in.
Tempered 24 to 27 38 to 41
681 B 1/3 34136-38403 | 54049-58316 18 to 31
gold+pressed 30 to 32 1 40 to 44
Hardness 1/2 | 42671-455I5 | 56894-62583 14 to 18
Tempered 26 to 28 38 to 42
681 B 36981-39836 54049-53739 18 to 20
cold-pressed 32 to 34 43 to 46 .
Hardness 1/2 45515-48360 61161-65428 12 to 15
Tempered 27 to 29 . 41 to 44
A 38403-41248 58316-62583 17 %o 19
Cold-pressed 33 to 35 44 to 47
Hardness 1/2 46938-49782 62583-66850 10 to 14
grogs~ Tmpact Brinnell Modulus of
section test ball test elasticity
Alloy decrease* cm-kg/cm® for kg/cm?®
Per cent in.-Ib./in.® | hardness 1b./sq.in.
18 to 30 140 to 158 650000 to 720000
g1 p 1/3 | Wwean 26 784.0-884.8 115 9245275-10240920
12 to 28 115 to 145, " to "
mean 23 644.0-812.0 123 " -= "
15 to 30 133 to 149 710000 to 740000
681 B mean 24 739.3~-834.4 118 10098685-105235390
11 to 27 105 to 116 I to "
mean 19 588.0~649.6 125 " -= n
14 to 28 100 +to 115 " to "
o 7. -..|.mean 233 . 560.0-644.0 120 " -= "
10 to 26 - 88-10°100 R " to u
mean 18 492.8-560.0 128 " - "

* The higher values were obtained with

thin samples.
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THe upper lines give ithe sirength characteristics of the simply

tempered metal, whils *the lower lines show how +these characteristics

~are increased by & suall cold compression, which we designate with

"hardness 1/3¥. These are equal to the strengﬁh characteristics of
good ingot iron.

Strength and hardness can he considerably increased at the ex-

ck

pense of slongation, the sirength of alloy 681 B, e.g., to about

50 kg/mm® (71118 1b./sq.in.) at the limit of elasticity and‘GO kg./
mm® (85341 1b./sq.in.) breaking strength, with about 3% elongation
and a hardness of 153.

Before the announcement of the D R P 244554 in 1909, neither
gscientists nor practicians ever imagined that 2lloys containing
over 90% aluminum, with such remarkable strength characteristics,
would ever be produced. The highest strength characteristics up
to that time had li%ewise been obtained oy a process originated by
the "Zentralstelle flr wissenschaftlich-technische Untersuchungen®
at Neubabelsbérg and protected by patent DRp 170085. .These charac—
teristics were: after tempering, about 28 kg/mm® (39826 1b./sq.in.)
breaking strength with 207 elongation; after rolling, 32~34 kg/gm®
(45515-48360 1b./sq-in.) breaking strength with 4-54 elongation.
The process made known by the DRP 244554 patent is a discovery of
extraordinary importance for metallurgy and, though itlis now
known that magnesium can be replaced by other metals, the fact re-
mains that, in order to obtain such good results, we still have to

employ the procesgsses first made known by the above-mentioned pat-
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ent. I doubt whether it will ever ve possible to disvensze with

. hhese procegses in the production of high-grade aluminum alloys

~

@wving a high conten’ of aluminam.

Incrcaging the Hardncgs by Tengering.

We are not vet sufficiently acquainted with the stmctural
changes which occur in melals with the lapse of time. Microscopié
pictures furnish only slight clues. I will gimply show you today,
by means of two examples, the course of hardening during the pro-
cess of tempering.

The experiments, forming the basis of rFig. 1, were performed
with rolled samvles of alloy 881 B, which were cold-rolled, after
being heated to about 300°¢ (578°F). The samples all had the same
hardness before heating. They were first heated in an o0il bath,

-

then in a paraffin bath and, lastly, in a salt bath. The samples
were in each bath for about 30 miautes. They were not liguid-
cooled, since the object of the experiments was simply to determine
the effect of heat. Immediately after the codling of the small
samples, the resulting hardness was determined by thrse ball-tests
and, after seasoning for 15 days, the tegts were repeated. The
hardness increased between 100 and 180°¢ (212 and 358°F) and then
decreased to about 300°¢ (572°F). Between 300 and 350°¢ (662°F)
theTe was ﬁé considerable incredse moT decrease in hardness. The
beet annealing temperaturé for the tested alloy lies within these

limits. Up to 350°%¢ (862°F) the immediately determined hardness
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vas exactly the same as after five days. Fiom about 260°¢ (6800F)
there Was rapid increase in hardness =2nd the difference between the
hardness, as determined immediately and then after five days, re-
mained nearly constant up to 530%c (968°F), which guve nearly the
razimam hardness. = At 430°¢ (788°F) the metal had the same hardness
as before'heating;

Up to 380°¢ (B80°F) there was a decrease in hardness similar
40 that observed in other metals and ailoys, tut at this point the
small addition of magnesium cAused a reversal of the hardness curve.
Heating above this point greatly increased the hardness and strength,
with still further increases during the five days of seasoning.

Fig. 3 shovs the course of the harderning for the different time
intervals. The axis of the ordinates gives the hardness accoxding
to the Brinnell method. The axis of the abscissas gives the season-
ing time in hours and davys. The hardening proceeds rapidly for the
first four hours. During the first 24 hours it increases from 7€
to 108. It reaches 112 at the end of the second day and continues
to increagse slightly up to the end of the fifth day. If it is de-
gired to ohtain a uniform procduct with the maximum strength charac-—
teristics, no'manipulation iequiring much change in form must be !
undertaken before the seasoning is completed.

The strength curve~is-simi1ar,to_the,hardness“gurvezu In urgent
cases it is not necessary to wait five days, since the seasoning is
nearly complete at the end of two days. Such cases should be ex-

ceptional, however.
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Manufactures

Duralumin ig produced in the form of chects, strips, washers,
rods, tubes, wires and cables; pressed, rolled and drawn sections;
fcrged and pressed pieces; rivets, nails and pins; machine screws
znd wood screws.

In addition to the strength characteristics given in the fore-
gbing table, duralumin has the following physical properties. . The
specific gravity of the alloys under consideration is about 2.8.
Its coefficient of linear expansion is 0.000026. Its heat conduc-
tivity is about 354 of that of pure coppér.

The malleability of duralumin is good. The best forging tem-
perature is about 470° (878°F). A simple practical method for
determining this temperature is the glowing of paper or sawdust
brought into contact with the metal. Duralumin has no critical tem—
perature, like malleable brass containing less than 60% copper.

The forging may therefore be long continued without risk. gwaging
requires more operations than iron or brass, because duralumin is
shaped with difficulty. The heating is done best in a small muf-
fle furnace, but can be done in a forge fire of coke.

stamping, drawing and bending of the tempered duralumin in the
cold condition are possible within certain limits, but are diffi-
cult in comparison with soft steel and brass.  gharp edges musfsbe
avoided. The radius of bend should not be less than thrice the

thickness of the sheet.
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The malleability of duralumin a2t 300-350°¢ (578-6620F) is good.
1his kind of working necessitates, however, ancther tempering of the
finished articles. Large consumers of duralumin therefore have
their own salt baths for this purpose.

Leating the tempered duralumin above 1809¢ (BSGOF) d.ecreases
the strength. At 300-350°¢ (572—56BOF) the strength is diminished - ur
about 50%. A skarp supervision of the workmen, to prevent their
misuse of the soldering lamp in sheet-metal work, and frequent in-
struction of the superintendaznts and worlmen, on the unfavorable
effect of heating, is desirable.

Duralumin can be weided and soldered. Even in the most favor-
able case, however, the weld is only about half as strong as the
rest of the metal. The ductility of the seam is small and variable.
In the neighborhood of the seam, which is produced =zt a temperature
of about 650°¢ (130295), there is a region in which the metal had a
temperature of 300-350°¢ (5723-662°F), and was therefore annealed.-

| A duralumin weld has the structure of a casting and can not

be strengthened by subseguent hammering and tempering. The welding
or soldering of duralumin should therefore be avoided and unions
should be made with rivete or screws (Conmpare "Zeitschrift fur
Metallkunde," 1823, vol. 15, p.286).

. Rivets are made from a special'alloy'having a shearing strength
.6%-26;28—Eé7mm2 (36981—39836 ib./sq.in.). Rivets for parts coming
in contact with sea water, like seaplane hulls and floats, must

have, as nearly as possible, the same composition as the neighbor-
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- L K - . =
ing metal, in order to prevent the deterioration of the rivet neads

shrough galvanic action.

The chnemical characteristics of duraiumin Ciffer from those of
pare aluminum. 7Thisg subjoct doeg not, however, come within the
scope of'the present article. Tt is noteworthy thet duralumin, un-
1ike pure aluminum, is not readily affected oy mersury.

The resistance of duralumin to the corrosive action of sea wa-
ter is relatively good. It ig ketter than that of any other known

ight metal- Iron in combhinatiorn with duralumin protects the lat-

ter from the action of sea water. Detailed experiments, made by

!

the Berlin Municipal Departwment for Hyglienic and Economic Regearch, -
demonstrated that duralumin is not injurious to health and is there-
fore suitable for the manufacture of cooking uteﬁSils-

The resistance of duralumin to avtmogpheric action is good -
Through experiments covering a period of about five years, it was
found that specimens in the form of rods of 10 mm (.39 in.) diameter,
flaﬁ'ﬂars of 5 (.197) and 2 mm (-0727 in.) thickness and wires of
5 and 2 mm diameter suffered no loss in strength and ductility-

They hung the year round on the roof of one of our facfory buildings
exoosed to all corts of weather. |

The strength and ductility of duralumin are favorably affected
by temperatures;below the freezing point of water. - The~strength.inr
creages with decreasing temperature. In an experiment at -190°¢
(—Zloop), the strength was found to have increased from 43 kg/mmé

to 53 kg/mm® (59739 to 75383 1b./sq.in.) and the elongation from 23
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10 39%. The shock strength remeined unalterad. This fact is inpGo-
tent in aircraft constriction.

I have made a series of futigue tests with duralumin and will
oublish the results during the summner in the "zeitschrift fur Metall-
kunde.-" I will only mention here that duralumin gave, better results
than soft stesl, phosphor-bronze (Cugz Snsg), and ' tombak!

(Cuvz Znzs)s

Us e s.

In the spring of 1914, the navy and, subsequently, the military
administration stipulated the exclusive uge of duralumin in the con-
struction of the airghips ordered of the Zepvelin ¢ompany at Fried-
richshafen. Thus a new end very large market was provided for dur-
alumin. The whole framework of the airsghips was made of duralumin
in the form of thin U and angular sections and still thinner
bracing strips. During the war we supvlied the material for mofe
than 80 airships, over 750 metric tons (16534€5 1lb.) in one vear.

When, during the course of the war, the building of airships
for the army and navy was reduced, metal airplanes camé into use
and the demand for duralumin for this purpose increased greatly dur-
ing the last year of the war. A great deal of duralumin is still
uged in building airplanes. Unfortunately, the development of
german airplane construction-is restricted by the Treaty of Versailleg
to the production of commercial sirplanes of a certain size anc speed,
thus reducing the demand for materials.

There is an increasing demend for duralumin for the connecting-
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rods of automobile internal combustion engines, for which Tarpcse
it has the following advanitagss:
1o A 30-35% saving in weight for the same cafety facicr;

3« About 309 increase irn the revolution gpeed of ‘the engines;

3. About 10% increase in engine powsry for she ssme carburetor
adjustiment;

4. An increase in the waxirmm sneed, or
5. A greater climbing capacity on wmountaing;
6. Rapid dispersion of superfluous heat;

sure OI the bearings aad conseqduent legsening of

7

7. Lese pre
fri tio

P"‘ U)

- 8+ Greater eage in starting engine;
8. Greater elasticity of engine;

10. gmoother functioning of engine, with less vibration, and,
conseguently,

1l. Ionger life cf both sngine and vehicle.

Duralumin ig also used for other eagine narts and ian the con-
struction of automovile chassis and bodies. The Zeppelin Boat Yard
at staaken, near potsdam, uses duralumin extensively in the hulls
of boats and also in the bodv of a smsll motor car. Duralumin is

employed in centrifugal machines, optical instruments, electrical

and orthopedic appliances, compressors, mégnatos, 1ife—saving appa-

~ratus, jewelry, etc.

The previously nentioned object, which led to the discovexry
of duralumin, namely, the production of a suitable alloy for the

manufacture of cartridge cases, was only partially successful. The
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cerman War Munition Factories in Karleruhe made duralumin cartridge
cases which were capable of being fired and which stood the test of
storing. They showed a tendency, however, to burn through at the
base. gince this serious defect is due to the low melting point
of duralumin (650°¢ or 1202°F) whick can not be raised, the pros-
pects for duralumin cartridge cases are small.

I prophesy a great future for the aluminum alloys made accord-
ing to the German patent 244554, but this future lies in other |

fields, which can only be conquered by ﬁatient and persevering work.

Rivets Made from Aluminum Allovs.

At the request of the Bureau of Aeronautics of the American
Navy, the properties of rivets made from aluminum alloys were thor-
oughly tested (gee Foundry Trade Journal, 1933, vol. 38, p. 333).

The analyses of the samples showed the following compositions:

Percentage Ccomposition of Rivets.

Metal 1 g Metal 1 3

.81 0.33 0-.38 Fe - 0.52 0.52
cu 0.89 | 0.54 Mg 0.00 | 0.00%*
Mo 0.32 0.14 Al Rest Rest

* 0r traces.

It is, therefore, not necessary to employ very soft rivets of
nearly pure aluminum, since good results were obtained even with

cold-dravm and annealed wire made from an alloy containing 39 of
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copper, 30% zinc and 774 aluminum, or with duralumin wire. Rivels
made from these allbys are bevter than those made from pure alumi-
num wire, since they have a greate: shearing strength. After being
in use mony wmonths, they have shown no tears nor other defects.
Rivets made from cold-drawn wire, composed of 3% cu, 204 gzn
and 779 Al, and hested t6 250°¢ (482°F) have the greatest shearing
strength of 270 1<:g-/cm2 (7840 1b./sq.in.), while values of 200-330 kg/
om® (2845-31239 1b./sq.in.) were obtained with rivets made from hot-
dravn duralumin wire. The first-mentioned rivets are preferable,
because they may be used at any length of time after the thermal
treatment and do not reguire retempering. Duralumin rivets should
be used as quickly as possible after temvering and are comparatively
Gifficult to %ighten. This difficuliy may be remedied by emploving
a somewhat softer alloy (2.35% Gu, 0.5% Mg, 96.75% Al, 0.5% Mn)
which recuires a thermal trestment similar %o that required by dur-

alumin.

rranslation by Dwight M. Miner,
National Advisory committee
for Aeronautics.
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(57463 1b./sq.in.) Elongation 10.1 %. Ccurse of
heat curve of an aluminum alloy containing mag-
nesium. Thermal effeci without cooling in liguids.
Br%aking strength of cold~rolled sheet = 34.3 kg/
mm< (48%87 1b.§sq.in.) Minimum tempeing tewperature.
Elongation 2.9 % Curve C-C'=~C" 93.2 % 4£3,0.52 % lig
4.28 % Cu,1.07 % Mn treated according to patent DRP
244554
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period on hardness of tewmpered duralumin.
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